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iSS^P . The """P"* efficacy of adenovirus- 
mediated I herpes simplex virus thymidine kinase (HSV tk) Z e 
tomsduction of rat C 6 glioma cells f„ uowed b^JSK 
(GCV) admuustrauon was studied in tumors generated in th e 

w v«n> by a replicative-defective recombinant adenov^™, 

sensinve to GCV in a dose-dependent manner. Tumors were 
generated by stereotaxic intracerebral injection otTTwT 

the m l«. I"^ Pf rtcleS were Nected into the tumors and 
the mice subsequently were treated with GCV for 6 days 
Tumor size in untreated and treated animals was compared 20 
days after tumor Implantation. The mean croTsecZal^a 
^°" . ln t , hetreat * d ^'^ was23-foldlmaUer tZ 
5sS ™ 3n ? me ^ volume was reduced^ 
>SM-fold. These results demonstrate that the recombinant 
adenovtoal vector can function as an efficient ge^dd^ 
veh.de for the treatment of gliomas by in vivo gene theiap^ 

Kinase H5>V-tk) gene has been used to confer cytotoxic 
sens^vity to nucleoside analogues, such ugSfctoS 
gCV) ,n a variety of tumor cells in vitro and in vivo (1-12 
? ohn' l C °T?!, the " 0nt0xic ""cleoaide analogue GCV into 
in UNA synthesis, selectively killing dividing cells Thi, 
approach ,s especially suitable for tr JtmentTf^fd turn^ 
tta are rapidly growing and invading normal tissue coS 
uig largely of nonproliferating ceUs. Treatment wkh a recom 
bjnant retroviral vector containing HSV-tk causTd feSon 

tE? 1)- ^ vector svstem w as limited by low viral 
Wer and low target cell transduction frequency To aS 

re StTtsei wA^ Ct ^ tiSSUes rather *e 
icuuvirus itseu. We have investigated the canaritv «f * 

recombinant adenoviral vector to Kuce a mRvef of 

toansduction and gene expression and to render Q ^ma 

cells susceptible to the toxic effects of phosphorated GCV 

MATERIALS AND METHODS 

assess^ 

pXOL? fkindl^ pro T ter ' nt ° I and Clal sites* 

u. accordance with 18 u.S.C. 51734 solely ,0 inS 'fac" 



f^"^ 8ene 18 UDder the ^scriptional control of RSV- 
SdoJMTT^V^r^^^^^PADL 1/RSV- 
L™? ' a plasm i d cont atoing the complete adenovirus 

ETceul^h CCted L nt ° the 293 «ransfonnerhuZ 
K a ■ by CaiclUm P h °sphate precipitation. Recom- 
binant adenovirus was isolated from a single olaoue « 

determined by optical absorbance at 260 nm 

V,w &»friments. Athymic nude mice, 6-8 weeks old 

ZSV* 2 - et,Zed With ^nioettanol (Averfn) tfO S/S 
and placed m a stereotaxic frame (Stoelting). A burr ho£ w2 

microliter syringe (Hamilton) tffSh S 6 £ Sge nTedle" 

frleTxIu^r 10 , 1116 ^/P^ arm of KereoSc 
name 1 x 10* C« glioma cells in 1 ul of Hanks' buffered «MrZ 

T! from the dura. The needle was left in place for 3 
nun, and then withdrawn slowly over another Zfute 3 

exSt Ztt^°^T eS Wer t used for in j ecti0 " <>f virus 
except that the needle was p aced 1 mm deener .k« 

tumor cells and the virus was injected Tsix Tpohtts t? m ™ 
apart along the needle track as'the needle wTw rnd"^ 
The needle was coated with carbon particles ^ - <30»mw« 
mark .the needle track and to verify coloStion of^ius 
mjection with the tumor. A nqrffcatfc»sW^r2muS 
nant adenovuns carryinc the HSV tk . • 

tional control of tn^-LTO S^Sv^V^ 
a replication-defective reconJSnTSo^^^ 
. fining the bacterial ^-galactosidase (^Gal) ^ u „der ^ 
scnp uonal control of the RSV-LTR KmoS ^ADWRSV 
^Gal) was used. ADV/RSV-tk or ADV/RSV-^Gal (3 1 x 10*" 

ShW 7 m 3 ^ !°. 10 ^ ro i/l mM 0 mM 

1 ns HC1, pH 7.0) was injected in a vol of 0.5 ul at each of the 

S S v OnS ,? Verl0min - ^ ^edle waslefUn theSuefor 
an add.t.onal 3 mm and then was slowly withdrawn The scato 

h 0 u^ ft WaS t K C,OSed With Autocli P s (Clay Ada^is) S 
hours after the vmis injections, the animals were divided into 

S:vTa P dos?of ST W3S ^ ^aperitone^S 
ol v at a dose of 125 mg per kg of body weight twice dailv 
for S daysand then at 100 mg/kgfor another 3 Ss^oS 
group was treated with PBS ' ne otner 

fixS^t^^'^ i0 davs ^ tan " Action and 
nxed by intracard .al perfusion of 4% paraformaldehyde in 

recombinant adtloviraTcS^e^^ 

tional control of the ^^j^^^^ftrS^ 

y rii * k 8 ? H , er transcriptional control of the RSV-I in • 

ofmfec^ TOm ^ CW ^ 

^To whom reprint requests should be addressed. 
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taratSd^ S ^ - 21% su- 
were taken fromthe7,™, , C . oronal secl "»s (10 /on) 

using Bi scanOptSs ^^J^J**"* * 
«. between groups we^y^Sr^^ 

RESULTS 

of/Wal activity ^W/JSK"? 6 2' Gal) stainin « 

cells at 100% efficiency*? W^^ U , Ced ^ 

(moi) >125 (Fig 1) * a mu,tl P«city <rf infection 

RSV-tk was constructed t? 10 '? 1Iln8 b y GCV, ADV/ 
used to tra n s^ceT ini S ^ 0mbij r t adeno ^ was 
activity in cellular extaS ^L°S m • CUl ! Ure - ^ viral tk 
phosphorylation^fS H?V tT* by P^y^vir 
highlevelsintransducedEceU^ 8 ? 6 WaS expressed "» 
after transduction a ^^SSlS^T^ n ' eUeni 
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* * C, glioma ceus 

enzyme in this construct !™,L ^ AD V/RSV-,W3al. The £W3aJ 

vira I doses, and «ai„ed ^ « hST^" 1 ? Various 
- 125; C, mo, = 5oo; r,, „„„. » moi . 
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faction by ADV/RSV-tk. CeUs f5 x ^f 0 " 18 ^ 
^m-diameter wells and transduced wM ^, h W) w f re P |ated <« 
different moi values as tadic«ed CeUs »t f 8 using 
and protein extract was prepar^ by frl^h 2 ^ ^ 

determined by phosphorylanW Pmf ze ^ WIng - * was 
GCV susceptibly o ^^^V fc^^* 5 ^ W- W 
DupBcate plates of C 6 S cefe w^"^ * «"»« «&• 
ADV/RSV-tk at moi values rf(^0M ^^ ba, ! d *» 6 * 
were treated with either PBS tran s«iuction, the cells 

a concentration-of ? §£? ^ » GCV (hatched bars) « 
ceUs were counted and^rcen^«"Svi l | tou " later> *» ^^ving 

S^ES^W * result 
cells expressing the HSvT^tl tet Whether °* 
toxicity, Aet^sduceSS^fH USC t Ptib,C t0 GCV 
10 *g of GCV per nJ of cnto^lS? ,~ th ^ PBS or 
300 and above resulted L >^ H (F f ^ A moi of 
cytotoxic effect of Sc^J on ceXn!,^- ?*« was no 
vims ADV/RSV-^Gal ^^"ced with the control 

tk^xpressinV tumor ceUsL ^ susce P<« b i% of HSV- 
«ransductio7of Q ^ 0 „t ' 7„ teSted wn ^er direct 
ment would cause by GCV 

were injected intracereb^allySTx ^V"* "** 
^eghomasgrewraDidlvinVL^ J x 10 * Q glioma cells. 

««bralco rt e^d^thtu^ tenUC, ^ ,,S ' mvadedtn ' 
into the subgateal s^T^T^f "^^O" needle track 
survived an ■vSedM "* ^ Untreated animals 

Eight days ^ZofcS&TjTV* injection - 
-0.4 mm 2 in cross-secS »■ whe n the tumors were 

ADV/RSV- f Jcor^V/Svl^f• particles of 
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byhyperceUulaiky nS'JJL^" were f^terized 
larproliferatioS S^i °°° rphl8111 ' Md focal vascu- 
of the tumon but La Was not observed " any 

(Fig. 3£) andTTther 8 LSt, Kl 8roU ?, ^ tun «>»-free 
surrounding the ujecuon Si^r? 1 ^ jd j 0mas 
residual tumor, 

■be mean of tteOull^^STZ^g™* ITK+0+) and 
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(anow). (/» dSS* ^ along the needlTtaS 
ajrow inC shoi c^S^ 0 ^ ^ site Seated by the 
TK+G+ with ZZSI^ S rS a ^^ maai . treated 
stowing erythrocytes, macn^Ls^Kf ""J^ 00 sitein ^ 
n*** by the arrow inF^ctldT^ 0 ^^ 3 84 site 
bars = 30 /un.) ' = 1 mm; B, D, and F, 



<X^(TK-G+); (^^v^SV tk^r£Tc ) ^ ) ^P V /^ 
RSV-tk plu, GCV ^ CTC?gV) i^,^, 8 ™ S CTK+G-); (/v)ADV/ 
tumors were measured I by colnt^^^^^^^ 
Mean cross-^on^V trTK^l mo n> hom «ri<: analysis. 
■n" 2 (" = 10) compared^e 66 - 1 3Q mm2 fTT 036 '* 0.33 

± 1.00 mtf (a = 5) K TK-gI °" «""»• ^ 9 268 

jpor growth but insufficient to cause tumor regression (Fig. 
GCVTaHMt^T^^ Narmal Bran » Cells Are Refractorv to 

examined. No S dtSEt*,?^ Were 

end ^ damage, or inC^ 

remote from the tumorTa^^^^ 

DISCUSSION 

treatment of a S ^ del JX ery vehicle &r 

significance of th^T^l "? wo - 11,5 therapeutic 
SdnTtte volume ^f n ^ en !! " better *P"^ted by 
measured crosVsSn,! ^ t T° rs from the maximal 
weresTen^l^S^n^- "fTT* ^ ^ 

>500.fold, or 2 J ta?^£ «—« in a 

the HSV-tk gene aadthra GCV JST™ 1 vwtor carrying 
and were invaded bv .SSL* 8 t ?? 0re were necroti c 
gestingacontXonoK su * 
regression. In our exoerimente iSS^Tt System 111 tumor 
and the tumor cKKSSM^Sf nUde "** were us «» 
ment of the ceuZ S£S25 fe"^ 
Phorylated GCV fronTv^^^?: ^ of phos- 

tumor cells via W jSons^, ^ °° n ^ uced 
contribute to tumo? repress? ' ^" ^thesized to 
bystander effect?!! it i Md **** te ™ed the 
contfbuti nWy ( t mi„ «? eril,,en,al modeI . this 
reported toeffiet e^Q I '^TltT 
hveness of the recombinant adtn S Cffcc ' 
-nts appears to be attributaWe TLTSi££E 
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HSV-tk gene transduction of the tumor cells in vivo Indeed 
X-Gal staining indicated that -50% of the cT^Us were 
U^sduced m the tumors when they were injected wfthT x 
1»» particles of ADV/RSV-^Gal and the ^posioVeVelb 
weremore concentrated along the „eed?e JTSS/S 

It should also be stated that the viral dose used in this studv 
has not yet been optimized. While 3 x 10» £££1 Z 
sufficient to cause regression of brain tumors of oTu 5 nT 
it is not clear yet whether lower viralTL" wiS be eauTv 

regression in vivo. Further studies wlu cerS fide 

£SS"T ° f bettCr mC,h0ds for viral vecS dehverv Jo 
that larger tumors can also be treated. "^ery so 

The recombinant adenoviral vector has iwn . 

used to obtain high levels of traSctS Ld ge2 S 

s.on ,n cultured mammalian cells and in animals 

toZZ^l- " ^ h ° St ™ Se (19 " 22 > ™ d have beTuS 
Z^^l'm? r^.QV "*» ^ gene therein 
cysuc fibrosis (23). In principle, only dividing ceUs are 
damaged by phosphorylated nucleoside analogues Neurons 
are postmitotic and should not be damaged by Ss f3of 
tterapy However, astrocytes, ohgodendfocytes, ep^noVmaJ 
cell and vascular endothelium do undergo cell ' dE X 
could be vulnerable to phosphorylated GCV tojecZ ofS 
bran with adenovirus vector bearing a /J-Gal geneSSn 

afd ^r? UCti ? n ° f ^"dyWand S plexus 
and transduction of neurons, astrocytes, and oligodS 

V^ er CXtem (24 ~ 27 >- When ADV/Kt. 
uyected mto brains of nude mice and GCV was adimni^H 
no apparem damage t0 the ^ ^^j 1 "™^ 

fiL?***? ?° m the needle »»«*» («lata n 0 °t showT 

s^tT+gA* ****** demonstrated^ 

some TK+G+ animals survived >50 days after tumor rJ.li 
moculation and died because of secondai turSS 2 

POtentKr IS^SSSTSSXE *" 

must be performed as well as survival studfes to^Se 
o^rtumo^ 0 ^ 

ve^r t a^ k I^ r ■F M ■r^ e h rriCaU f de, ° f ADV/RSV./3-Gal 
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